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ABSTRACT 
Information sources are invaluable when taking decisions in Product design especially at the front end of the 
design process. Product families if properly classified, the connectivity of product form and interaction of the features 
assist the designer in taking good decisions. This paper addresses product classification from the design perspective with 
respect to Product family as reflected by the product’s presence in the market. Ten different models for a product 
(Wheelchair) was randomly selected and recorded. The choice of the product has no specific implication other than to 
demonstrate the practicability of this approach. TRIZ principles were employed to perform a 3-level component 
segregation on each model. A matrix is thereafter drawn for the product family. The models are recorded on the horizontal 
axis of the matrix while their corresponding features are recorded on the vertical axis. The frequencies of the models and 
corresponding features are noted on the right hand side of the table. The frequencies were then taken through cluster 
analysis using the dendrogram on SPSS 20. The result shows the features categorized into three groups which reveals the 
commonality and association of the features that are Basic, Performance or Luxury according to customers’ satisfaction. 
This approach also shows a quick method that can ease product design decision making because it is systematic and can be 
used to dissect and analyze products within a product family. This approach can lead to functional analysis, product design 
specification preparation and product development. 
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1. INTRODUCTION 
The designer is usually faced with multi-
dimensional challenges as to what to design - from the 
broad terms of what product to design and what family 
that product should belong, to the minutest details as this 
could affect product niches, patent clashes, customer 
behavior etc. Information sourcing is indispensable 
whenever decisions are to be made either in design or 
other spheres of life. This is more important at the front-
end of the design process because this is where 
information is collected and collated into a core that 
guides the remaining part of the design process. 
Chandresegaran, [1] opine that decisions made on front 
end design of any product strongly influences the overall 
success or otherwise of that product especially in terms of 
energy, costs, and sustainability. 
The customer purchase decision process varies 
with the type of product being considered. Complex and 
expensive products are likely to involve greater buyer 
deliberation [2]. Customer behavior or satisfaction still 
dominates the focus for product design as ‘the customer is 
considered the king’. This situation still makes designers 
increase their focus and subsequently decisions on the 
satisfaction of the customer. Although, some authors have 
argued that “the customer don’t know what they want in 
future”[3], involving the customer on design process is 
still the focus of business organizations including the 
design community because of the designers’ belief that 
customers are sources for ideas [4]. Some authors suggest 
that the continued existence of poor valued or failed 
products in the market resulting from the deficit in 
decision supporting techniques is still a burden on 
resources and investments [5, 6].  
Classification of products helps designers work 
faster with a defined scope and target audience. Product 
designers are increasingly being pressured to advance 
ideas and tools that can fast track product design processes 
[1] and deliver to the market, as the shorter the time 
between nursing an idea and bringing it to the market is 
increasingly found to be a competitive tool in a “Customer 
centric market” [7]. Research in design for Product 
planning requires improvement for standardization and 
adaptation that the global businesses need [8]. 
Krishna [9] posits that there is still lack of 
reliable methodologies that can viably support the 
recognition of real aspects of value which fit in to the 
hidden consumers’ and stakeholders’ needs. This lack of 
reliable methodology creates a gap for integration of 
efficiency associated issues with product platforms that 
connect market benefits with high product variety. This 
connotes that models or methods that have the capability 
to represent the dynamic progression of customer needs 
are still lacking [10]; this is in line with Thevenot [11], 
that the approach required should be consistent, systematic 
capable of dissecting and analyzing product families. 
Yang [12] agrees with the above positions and added that 
product designers need information on critical product 
form features. For example, if a model is available to show 
the difference features in product families over time, based 
on products in the market, this can demonstrate the 
progression of customer behavioral dynamics. Suffice to 
note that classification of products, consideration of 
product families, determination of critical product 
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features, as important as it is to product success and 
survival is still a challenge.  
This work therefore presents to the designer an 
improved method of product family dissection, analyses 
and product form features’ classification that identifies the 
Basic or critical features, the Performance or not so critical 
features and the Excitement or luxury features, that is 
quick, easy to use, consistent and  also recognizes the 
customer. This approach can also ease standardization and 
identification for commonality of products. More so, the 
authors of this work posit that this approach enhances 
direction and decision making for the designer on what a 
product in a product family should have and at what 
category when the customer is seen to appreciate products 
from three angles: the basic, the performance and the 
luxury. The approach also shows a clear hierarchical 
ranking of features in a product family. 
TRIZ inventive principles are used in this work. 
TRIZ is a Russian acronym for Theory of Inventive 
Problem Solving founded by Greenrich Atlshuler (1926-
1998). TRIZ is the result of assessment for several product 
patents with cognizance for the recurrent strengths of the 
winners and the common mistakes of the losers [13]. TRIZ 
has 40 inventive principles as guides for inventions. These 
include: segmentation, trimming, contradiction, functional 
analysis etc. [14]. Product placement in the market could 
also be done using the S-curve Analysis in TRIZ [15]. 
The remaining part of this paper is divided into: 
Literature review which combines design issues and 
product classification, research method which shows the 
framework and the verification for the approach presented, 
Results, discussions and conclusion. 
 
2. DESIGN ISSUES 
Design is a process that includes product form, 
function and performance. Design is a mental process 
beyond sketches and drawings that show the visible 
records that people see. Designers determine specific ways 
to solving product development challenges [16]. Popovic 
[17] Opined that design expertise depends on the level of 
knowledge possessed and the ability to create, extract, 
analyses and apply that knowledge. Following Charnley 
[18], this paper agrees that product design is a systematic 
translation of a function to a feasible real/physical feature, 
though it could be argued that the definition of product 
design may be domain dependent [18]. Crilly [19] opine 
that a product form is determined by its functions but a 
function usually depends on a feature to transfer energy, 
material or information between objects that follows a 
logical pattern [20]. Product design involves highly 
complex activities that is often not well defined [1]. The 
authors agree with Ullman and Miaskiewicz [20, 21] that 
current design processes are yet to be handled properly to 
keep pace with the ever increasing challenges that product 
designers have to deal with daily. However, Ullman [20] 
opined that it is good practice to recognize that great 
efforts are involved in the development of existing 
products whether these efforts are clearly seen or hidden. 
Design requires innovation and sustainability [18]. 
 Innovation in product design can evolve from 
different sources [22]. Product Innovation is done to 
improve product acceptance, chances of survival, profit 
and sustainability. Companies who want to make radical 
innovations have to face severe hurdles in evaluating 
several aspects with respect to the lifecycle of new 
products because, at the very beginning of the design 
process, project teams own limited and unreliable 
information about product performances, customers’ 
positive impact value and outcome of product commercial 
success [10]. 
Pugh [23] presented a 6-step model for product 
design referred to as the “Total Design” guide with each 
considered important in whatever the design domain is: i. 
Market/Need, ii. Design Specification, iii. Concept 
Design, iv. Detail Design, v. Manufacturing and vi. Sell. 
Emphasis is laid on the front end design process as that 
serves as the core that guides the entire design process. 
The front end of the design process refers to the stages 
between the need/market and the product design 
specifications. Ullman [24] presented the design process in 
five major steps: identification of needs, planning for the 
design process, develop engineering specification, develop 
concepts and develop products. The basic difference 
between Ullman [24] approach and Pugh [23] is the 
specific indication of planning as part of the design 
process model by Ullman. 
 
2.1. Product classification 
Some authors have made some findings on 
product classification. Sousa [25] found that Product 
classification could be done depending on what the 
product is, the purpose of classification and how the 
perspective of the product influences the product 
development decisions. Four major groups are listed: 
Marketing, Organisation, Engineering Design and 
operations management. Korgaonkar [26] found that One 
way to classify Products is to put the products in two 
broad categories: Consumer products and services and 
Business products and services. Products could also be 
classified in line with available information: Information 
gotten before the purchase of a product or after purchase 
and the experience of a product or even products that there 
was no prior information to evaluate either before first 
purchase or thereafter. It was also reported in this work 
that product classification could be done according to 
Search Experience Credence (SEC), where risk 
perceptions for a product is influenced by information 
provided on risk and behavior towards that product. Costa 
[27] mentioned that Product Classification could depend 
on grouping items according to pre-defined criteria by 
emphasizing their common and different attributes. Meyer 
[28] reports that with respect to intelligent products, a 
more comprehensive classification is required that 
analyzes different information architectures in all aspects 
depending on the  kind of Intelligent Products and parts of 
the product lifecycle is being considered. Product 
classification is also reported to be done according to 
Customer satisfaction. The work of Noriaki Kano who 
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developed a features model for customer satisfaction has 
been referred to by quite a number of authors [20, 29, 30]. 
The model has three lines: Basic, performance and 
excitement features. The Basic features are explained as 
those features that are assumed to be present and not 
usually asked for by the customer. The Performance 
features are those that are considered to show an 
advantage over the Basic and the customer usually 
requests for these features to be sure they are there. The 
third category refers to products with Excitement features 
those that the customers may not have thought of but will 
be excited to see such features in the product. 
Findings from some works on product 
classification are presented above. The Kano model in its 
original form has comparatively wider coverage. It also 
has a great consideration for the customer but it is quite 
general and open to a lot of interpretations. The Kano 
model does not have a quantitative assessment capability 
and provides limited support in taking decisions on 
engineering design. Also it can only be applied effectively 
by experienced designers. On product classification by 
grouping items, it is argued that whatever criteria or 
definitions used should be clear, concise and 
comprehensive with a clear cut hierarchical ranking. 
The product designer requires tools, techniques 
and methods that support engineering design with due 
consideration for the customer and environment [1]. The 
required tools should have information on features of a 
product that are critical and facilitates quick deduction in 
identifying critical product form features (PFFs) to aid 
them in producing appealing products [12]. The required 
tools should assist the designer in quick evaluation and 
possible changes in features criterion [31]. The required 
tools should facilitate product design process and quick 
delivery as the shorter the time between nursing an idea 
and bringing it to the market is increasingly a competitive 
tool in a customer centered market [7]. This work 
therefore focuses on these needs. This work provides the 
designer with a product classification that identifies 
critical and the not so critical and luxury product form 
features that is quick, easy to use and focuses on the 
customer. 
 
3. METHODOLOGY 
 
 
Figure-1. Operational framework. 
 
Figure-1 shows the operational framework 
followed in developing this approach. A classification 
approach was developed to classify and dissect the 
equipment (wheelchair) using the TRIZ inventive 
principles, Matrix method and cluster analysis method. 
Cluster analysis techniques sorts different objects into 
groups by showing the nature of association between them 
whether it is maximal or minimal [32]. Cluster analysis 
techniques are widely used and very useful [33, 34].  
Ten (10) different models (Appendix A-J) of a 
selected product family (the wheelchair) were collected at 
random from the internet for analysis. A sample size of 
Ten (10) has been used in a previous studies [35, 36]. The 
ten models are taken through the segmentation principle 
(principle 1 of the TRIZ inventive principles. See Figure- 
2). Segmentation principle involves the breaking down of 
the main equipment into sub-assemblies and/or component 
parts referred to as features in this work. The segmentation 
process led to identification of 25 different features The 25 
features were noted and recorded in Table-1. 
 
 
 
Figure-2. Equipment segmentation (Adapted from Ikovenko, 2012). 
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Table-1. Features - models matrix (adapted from Pugh, 1993). 
 
 
 
From Table-1 the corresponding frequencies of 
the features in the models are recorded and analyzed 
further using the cluster analysis method through SPSS 20. 
This is done to determine the position of each feature in 
the product family and how this position is represented 
with respect to the feature being a Basic, Performance or 
Excitement feature.  
 
4. RESULTS AND DISCUSSIONS 
From the dendrogram Figure-3, it is clearly seen 
that the features have separated into three groups. These 
groups are referred to as the Basic features group, the 
Performance features group and the Excitement or Luxury 
features group. The Basic features are the features that are 
taken for granted that they exist in every product within a 
product family and the customer usually don’t ask for 
them. The performance features are a degree higher that 
the basic because they are features that the customer will 
demand for and may influence his/her decision to buy that 
product or not. For the third and final category, which is 
the excitement features, the features represent added 
comfort during use. These features may be new to the 
customer but they are usually more expensive (this is why 
some authors refer to this features as luxurious) and 
mainly exciting.  
The Basic features as shown above are seven: Big 
wheels (6), frame (25), seat (3), brakes (4), back rest (2), 
foot rest (11) and manual (15). For these features there 
exist an unspoken understanding between the seller and 
the buyer of what features are supposed to be present in a 
product. For a customer in this case study, these features 
are normal to be present in a wheelchair. 
The performance features from the results 
presented above are: Push rim (5), Casters2 (8), 
Collapsible vertical (20), Collapsible horizontal (21), Arm 
rest (12), Calf support (24) and Push handle (10). These 
features enhance the performance of the product. The 
customer is likely to ask or look for these features. Their 
presence or absence could affect his buying behavior.  
The final category is the Excitement features. 
From Figure-3 above they are eleven: Lap belt (22), Leg 
guard (23), Caster1 (7), Sunshield (16), Bag (18), Caster4 
(10), Lights (13), Casters3 (9), Automatic (14), Head rest 
(17) and Seat adjustment (19). For this category of 
features, they are considered extra - they usually attract 
additional cost. Sometimes the customer is not expecting 
these features in a product. In some products this category 
are exclusive for those who can afford. 
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Figure-3. Products Classification Analysis. 
 
5. CONCLUSIONS 
In this paper, a product classification approach 
using Segregation, the matrix method and classification 
dendrogram methods has been presented. The approach as 
presented does not only reduce the time used in the 
decision making on the front end of product design 
process, it also addresses the challenge of finding a 
product classification approach that is consistent and 
systematic that can dissect and analyze product families 
which is still in great need. The approach presented here 
enhances direction and decision making for the designer 
on what a product in a product family should have and at 
what category when the customer is seen to appreciate 
products from three angles: the basic, the performance and 
the excitement. This approach though have some things 
(classification of features into three) in common with the 
Kano model, it is different because the producers concern 
for product features are taken care of through direct 
critical features identification and analysis.  It also 
dissects the features of products with ease. It could also 
help in determining where to concentrate for designers 
who intend to create a unique product. Designers either 
with long years of experience or new entrants into the 
design field will find this approach invaluable for product 
classification. As front end design takes a large chunk of 
the total time required for product development, any 
approach like this aimed at reducing the rigor and time 
required in design terms, which also translate to costs 
reduction will aid the product development process 
immensely. This classifications approach can further be 
explored to address other activities in the design process 
like components functional analysis, product design 
specification and can be used to interpret product trends. 
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